Introduction
Rotation curves of galaxies show that dark matter (DM) is distributed throughout almost all galaxies. 1 But DM density is not uniform inside galaxies. For instance, near the solar system it is approximated to be about ∼ 8.16 × 10 −3 M pc −3 . 2 While, this is about ∼ 10 15 M pc −3 near the Galactic massive black hole (MBH) 3 . So, we can infer that almost all stars that evolve inside galaxies immersed in the DM hallo. Then, it is logical to suppose that DM must affect stars structure and evolutionary tracks inside galaxies.
In addition to higher DM density near the Galactic MBH, there are also other extreme and unique physical conditions that affect the structure and evolutionary track of stars. For example: a) density of stars are high near the Galactic MBH in comparison with other places in the Galaxy. For instance, in the distance about 0.1 parsec from the Galactic MBH, stars density is about 10 8 M pc −3 , which is 10 9 times bigger than the amount near the solar system. 4 
b) Tidal effects
are very high near the Galactic MBH. 4 Observational evidences show that the evolutionary track of stars near the Galactic MBH must be different from other stars in the Galaxy. 5, 6 Spectroscopic features of these stars show that they are evolved stars and must be old. Besides, they are much luminous than the amounts that are predicted by the current stellar evolutionary models, then they must be young and active. This is a paradox known as the "Paradox of Youth Problem" (PYP). 6 PYP arises from the fact that current stellar evolutionary models (CSEM) do not consider the effects of extreme physical conditions that are present near the Galactic MBH. Although, there are attempts to solve the PYP via CSEMs, 5 but, as will be discussed more in next sections, CSEMs are unable to interpret the strange behavior of stars near the Galactic MBH. PYP can be solved by considering DM annihilation as a new source of energy inside stars. In fact, we showed that by considering DM effects inside stars, stars will show sings of young and old stars simultaneously. Then the PYP is solved.
For the first time, Steigman et al. had studied the DM effect on the sun as a possible solution to the solar neutrino problem 7 . Since then many studies had conducted to study possible impacts of the DM on the sun [8] [9] [10] [11] [12] [13] [14] [15] [16] . Later studies (see e.g. 17 and 18 ) explored the inherent impacts that DM can produce in the stellar structures and evolutions. Subsequent series of studies tried to predict and find the possible observational evidences that DM can have on the stellar structures 2
The Effect of Dark Matter on Stars at the Galactic Center: The Paradox of Youth Problem A PREPRINT and evolutions [19] [20] [21] [22] [23] [24] [25] [26] . In addition to normal stars, the effect of dark matter on compact stars (neutron stars and white dwarfs) was also investigated. For instance, it is possible to constrain DM properties using compact stars 28, 29 or investigate DM properties using pulsars at the Galactic center 30 . In addition, annihilation of WIMPs inside old neutron stars can flatter out their temperature 27 .
In addition to the PYP, several other clues show that DM may affect stellar structures and evolutionary tracks inside galaxies. For example: a) Cold DM at the center of dwarf galaxies can be heated-up by stars and then move around.
Hence, at a fixed dark matter halo mass, dwarfs with a higher stellar mass will have a lower central dark matter density. 31 b) Several solutions are proposed to solve solar neutrino discrepancy. One of them emphasizes on the deficiency of the solar standard model. Solar standard model does not consider the effects of DM in its assumptions. 32 But, this problem can be solved by considering DM effects in solar standard model. 15 In this work, after investigating the effects of DM density on stars evolutions and structures, we concluded that PYP can be solved by considering DM annihilation as a new source of energy inside stars. In fact, we showed that by considering DM effects inside stars, stars can show signs of young and old stars simultaneously. Then, the PYP is solved.
From many particle physics candidates, we selected Weakly Interacting Massive Particles (WIMPs) which have the most agreement with the current known physical properties of DM. 2, 33 In this work we selected M x = 50 Gev for WIMPs mass, which lies within the accepted mass range for WIMPs. 2 In section 2, effects of DM density on the evolutionary track of some stars was investigated. In section 3.1, effect of DM density on the capture rate by stars was investigated. In section 3.2 effect of DM density on the total amount of WIMPs that can be captured by a star was studied. In section 3.3 effect of DM density on the total luminosity that can be produced by WIMP self-annihilation was calculated. In section 3.4 effect of DM density on the distribution of WIMPs inside stars was studied. Section 4 devoted to discussions and conclusions.
Effect of Dark Matter Density on Stellar Evolutions
In this section, as an example, effect of DM density on the evolutionary track of some stars is investigated. We implemented equation 4 (see section 3.4) as a new source of energy in MESA code and then evolved the star (run the MESA code). MESA is a free and open source code which can simulate stars from very low mass to very high mass (≈ 10 −3 − 10 3 M ). The full capabilities of MESA are documented in its official instrument papers. [34] [35] [36] [37] In this work we used 10398 version of this code. The results are presented in figure 1 which demonstrates H-R diagram of a solar mass star that evolves in different DM density environments. In this figure blue lines represents a star without DM (ρ x = 0) and red lines are for stars with ρ x = 0 state. ρ x is the density of DM at the position of the stars. 
energy production cycles. The story will change when the star reaches to the planetary nebula phase. In this phase, star exhausted almost all of its energy sources that comes from the baryonic matters. Then, in this phase, WIMPs annihilation are the predominant source of energy (or luminosity).
In other words, when stars exhaust the source of energy that comes from the baryonic matter, WIMP annihilation becomes the predominant energy source inside the stars. At this stage, although stars spectrum is similar to the evolved and old stars (due to presence of heavier elements in atmosphere of stars), but their luminosities are high (due to the constant luminosity that comes from the WIMPs annihilation) and gives active and young appearance to the star. In reality, stars near the Galactic MBH suffer from these features. They exhibit signatures of young and old stars, simultaneously. In simple words, the PYP may be solved by comparing known observational data with suitable theoretical models. In more denser DM environments, stars begin to deviate from standard model before they enter the planetary nebula phase. Then, they follow almost completely different evolutionary path on the H-R diagram. It means that, CSEMs are unable to interpret the evolution of stars in high DM density environments. from figure 2 one can also infer that DM affects evolutionary tracks of low-mass stars more than high-mass ones. This result is in agrement with the results of the previous studies (e.g. see 12, 14, 17, [23] [24] [25] [38] [39] [40] [41] ).
Effect of Dark Matter Density on Stellar Structures

Capture Rate
According to definition, capture rate for a body (e.g. Earth, star, neutron star) is the number of DM particles that gravitationally bounding to that body in units of time. For the first time, capture rate of the sun calculated in paper 11 .
Then, generalized capture rate relation for other round bodies (like Earth) 42 . Bouquet and Salati obtained specific capture rate relation for main sequence stars 18 . In this work we used equation 42 of paper 18 for capture rate: In equation 1 it is necessary to calculate σ s for different elements. We considered spin-dependent scattering cross section to be σ χ,SD = 10 −38 cm 2 and spin-independent scattering cross section to be σ χ,SI = 10 −44 cm 2 . These are the maximum magnitudes that are determined through the experimental DM detection experiments 43, 44 . As the portion of the heavy elements are very small in the main-sequence stars (in comparison with Hydrogen and Helium) we can neglect the scattering cross section for all elements heavier than Helium. In addition, scattering cross section of Helium atoms are very small in comparison to Hydrogen atoms. This is because of the fact that spin-dependent scattering cross section is 10 6 times bigger than spin-independent one. These approximations are usually done in similar works 20, 24 . Figure 3 shows the capture rate for stars with different stellar masses in different DM density environments. DM density varies from 0 to 10 15 M pc −3 for stars with masses 0.5 − 3.0 M . As it is clear from Figure 3 , the capture rate for high-mass stars is higher than low-mass stars.
Total Number of WIMPs
In order to calculate the total number of WIMPs that are captured by each star during the main-sequence phase, it is enough to multiply capture rate by t ms ( t ms is the main-sequence lifetime of a star). For extra explanation about t ms 6
The Effect of Dark Matter on Stars at the Galactic Center: The Paradox of Youth Problem A PREPRINT and how to calculate it, see reference 45 . We used MESA code to calculate t ms (see table 1 ). The results of total number of WIMPs are presented in figure 4 . It is concluded that massive stars collect less total amount of WIMPs when they leave main-sequence. It is related to the fact that massive stars evolve faster and consequently they have lower t ms in comparison with low-mass stars (see table 1 ). As a result DM affects low-mass stars structure more efficiently than high-mass stars. These results are in agreement with the results that are obtained by references 21, 23-25 .
WIMPs Distribution Inside Stars
The distribution of WIMPs inside stars is considered Boltzmannian 19 :
where N x is the total number of WIMPs inside the star, T c is the central temperature of the star and r 2 
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The Effect of Dark Matter on Stars at the Galactic Center: The Paradox of Youth Problem A PREPRINT Figure 4 : (color online). Total number of WIMPs that are captured by each star in table 1 when they leave mainsequence. The lowest the mass of the star is, then, the highest the total number of WIMPs is. This is because, according to CSEMs, low-mass stars spend more time on the main-sequence phase in comparison to the high-mass ones (e.g. see age of stars in table 1 and also see reference 46 ). Then, low-mass stars have enough time to capture more WIMPs.
Energy Produced Through WIMPs Annihilation
By passing the time, the total number and local density of WIMPs inside stars will increase. Eventually, at the time t eq stars reach to the equilibrium state, that is, the number of WIMPs that are capturing become equal to the number of WIMPs that are annihilating inside the stars. Multiplying produced energy through WIMP annihilation 2m x c 2 by capture rate, results the total luminosity that is produced through WIMPs annihilation. t eq for main-sequence stars is 17 :
Luminosity that is produced through WIMPs annihilation after time t eq will be: 17
The It is found from Figure 6 that the luminosity of the sun that is produced through WIMPs annihilation (i.e L x ) is negligible compared to the total luminosity that is produced through baryonic matter energy production cycles (i.e CSEMs are not able to interpret the behaviour of the stars that are located near the Galactic MBH, then PYP arises.
At this point, it is worth mentioning again the fact that, to solve the PYP one must consider all the unique and severe physical condition that exist near the Galactic MBH (as discussed in introduction section). In this work we just focused on DM effect and did not consider other special physical conditions for the reasons of the simplicity.
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Conclusion
Effect of DM density on stars evolutions and structures is investigated. The results of numerical simulations show that DM does not affect low-mass stars and high mass stars in the same way. Although capture rate for high-mass stars is more than low-mass stars, but total number of WIMPs that are captured by low-mass stars is higher than that of the high-mass ones, when they leave main-sequence. The reason for this behavior is that low-mass stars spend more time on the main-sequence phase than high-mass ones. So, they have enough time to capture more WIMPs. We implemented new source of energy through WIMPs annihilation through MESA stellar evolutionary code. It is found that this new source of energy causes stars to deviate from the standard evolutionary path on the H-R diagram i.e. the higher the DM density the higher the deviation.
It is showed that WIMPs distribution inside low-mass stars are different from high-mass ones. In fact, WIMPs distribution is not a monotonic function of just mass of the stars, but it is a complex function of parameters like N As CSEMs do not consider WIMPs annihilation in their assumptions, the PYP arises in these models.
Our simulations show that in order to solve the PYP, one must consider all extreme and unique physical conditions that are present near the Galactic MBH. At present work, we considered only DM effect.
